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Evaluation of Thermal Stratification and Primary Water Environment Effects
on Fatigue Life of Austenitic Piping

Shin-Beom Choi, Seung-Wan Woo, Yoon-Suk Chang, Jae-Boong Choi, Young-Jin Kim,
Jin-Ho Lee and Hae-Dong Chung

Key Words :  Environmental Fatigue(2+73 ¥] &), Global Stress Analysis(% 9-3-2 3l 41), Local Stress
Analysis(= 732 3| 41), Metal Fatigue(= < 3] &), Thermal Stratification(& 3 )

Abstract

During the last two decades, lots of efforts have been devoted to resolve thermal stratification
phenomenon and primary water environment issues. While several effective methods were proposed
especially in related to thermally stratified flow analyses and corrosive material resistance experiments,
however, lack of details on specific stress and fatigue evaluation make it difficult to quantify structural
behaviors. In the present work, effects of the thermal stratification and primary water are numerically
examined from a structural integrity point of view. First, a representative austenitic nuclear piping is selected
and its stress components at critical locations are calculated in use of four stratified temperature inputs and
eight transient conditions. Subsequently, both metal and environmental fatigue usage factors of the piping are
determined by manipulating the stress components in accordance with NUREG/CR-5704 as well as ASME
B&PV Codes. Key findings from the fatigue evaluation with applicability of pipe and three-dimensional solid
finite elements are fully discussed and a recommendation for realistic evaluation is suggested.
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Table 1 Stratified temperature inputs at locations A and C

Case Twop (°C) Thottom (°C)

1 218 52

2 345 285

3 345 271

4 345 216
T Extended length
¥ o reduce the boundary effect
'\_. - Butt welding elbows

Al DO fixed S~ e

Location A
- Girth butt welds

b n
Fixed Yodirection &~ i,

T % EE =
&y

Extended length
to reduce the boundary effect

Fig. 1 Schematic drawing of austenitic piping system
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Fig. 2 Temperature distribution obtained from CFD
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Table 2 Sensitivity analysis results

Stress intensity(MPa)
Method A Method B

Location

A 299 633

B 86 112

C 164 591
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Table 3 Thermal stratification analysis results
Alternating stress(MPa)

Case Location A Location B Location C
pipe 31? pipe 31? pipe 31?

solid solid solid

1 367.0 | 316.7 | 103.6 559 231.2 | 295.6

2 1374 | 150.0 88.9 414 98.1 117.2

3 172.1 | 196.3 943 43.0 117.6 | 163.1

4 88.9 93.1 90.8 42.5 68.7 61.9

Temperature distribution at Location B

Method B

Location C

Location B

Temperature distribution at Locations A & C

/A

,

ﬁi Mcthndf Original shape
Location A g

Deformed shape
Fig. 3 Temperature inputs and deformed shape of
sensitivity analysis
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Table 4 Transient analysis results

B4R @70l LaH Lol E ko] 2ol vA|

Transient Peak stress(MPa)
Location A | Location B Location C
Type 1 192 255.33 175.67
Type 2 189.23 245.88 175.16
Type 3 2.96 3.29 2.96
Type 4 56.7 64.42 54.94
Type 5 1.34 10.17 9.38
Type 6 5.93 16.6 16.03
Type 7 2.96 3.29 2.96
Type 8 2.16 7.32 6.99

Table 5 Metal fatigue usage factor considering thermal

stratification
Element UF ransient+stratification
type Location A | Location B | Location C
Pipe 0.0344 0.000104 0.001
3D solid 0.0314 0.000083 0.013
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Table 6 Environmental fatigue usage factor considering
thermal stratification

Element UF covironment
type Location A | Location B | Location C
Pipe 0.53 0.0015 0.02
3D solid 0.48 0.0013 0.20
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